Lactation responses to fat and protein supplementation in the dry period. By Jaurena et al. 2 Dairy cow nutrition during the dry period (DP) can be critical to dairy enterprise profitability. We 3 hypothesized that supplementing grass silage with extra protein (Pr) or fat (F) during the DP would 4 improve subsequent milk production or composition. Supplementation in the DP enhanced the cow´s 5 body condition score and Pr supplementation increased the Longissimus dorsi depth, the calf birth weight 6 and subsequent milk Pr concentration. Supplementation with F in the DP reduced milk casein 7 concentration at wk 3 of lactation, but mature cows (parity ≥ 3) fed with F enriched-diets increased their 8 backfat depth, milk volume and protein yields over 20 wk of lactation. 
Dry period diet supplementation with F increased maximum backfat depth, milk and CP yields in the 49 Mature cows, and led to more LD muscle mobilization during early lactation. Second The dry period (DP) of the dairy cow occurs during late gestation, when the highest nutrient 60 demands from the conceptus and mammary tissue development occur (Prior and Laster, 1979; Bell et al., 61 1995). Many authors have suggested the importance of the DP on the subsequent lactation performance 62 of dairy cows (Grummer, 1998 , Drackley, 1999 , but many dairy producers still tend to think of the dry 63 cow as having relatively low energy and protein requirements. The metabolic, physiological and 64 behavioral changes associated with this relatively short period of the lactation cycle suggest a phase of 65 high metabolic activity and producers should consider the DP as a linking-phase between successive 66 lactations, when management aims to prepare the cow to cope with the next lactation. The aim of DP 67 management should be to avoid subsequent metabolic disorders, to support fetal calf growth and 68 mammary gland development, and optimize subsequent milk production and composition without 69 compromising reproductive performance. 70 Many cows start the dry period underconditioned, leading to cows calving below the optimum 71 body condition score, and thereby becoming more susceptible to a variety of health problems (NRC, 72 2001). Although the need to improve the body condition of underconditioned cows at drying off has been 73 noted by some authors (Van Saun and Sniffen, 1996) , achievement of a moderate amount of body 74 reserves throughout the late pregnancy period is acknowledged as a key factor to maximise dairy cow 75 productive performance in the subsequent lactation (Van Saun and Sniffen, 1996; Studer, 1998; NRC, 76 2001). Cows that begin lactation with a BCS of less than 2.8 (on a 0-5 scale) may not be capable of 77 mobilizing enough energy to support maximal milk production (Otto et al., 1991) , and may have sub-78 optimal reproductive capabilities (Crowe, 2008) . Previous experiments have highlighted the effects of 79 body weight gain during the DP, focusing particularly on the consequences of overconditioning (Fronk 80 et al., 1980), but little attention has been paid to recovery of body reserves by thin cows. Grum et al. 81 (1996) indicated that replenishment of the energy reserves of underconditioned cows during the DP could 82 increase milk production and decrease the incidence of metabolic disorders during early lactation, but 83 further research of the same group suggested that recovering BW during the entire DP could bring about 84 peripartum health problems and impaired postpartum performance, even when animals did not become 85 overconditioned (Douglas et al., 2006) . 86 Nutrition of dairy cows during the final stages of gestation is further complicated because any 87 nutritional imbalance is exacerbated by a typical DMI reduction (Ingvartsen et al., 2000; NRC, 2001 ), 88 and the fact that overfeeding can promote fetal overgrowth, which can lead to dystocia and other health 89 problems in the cow (Mee, 2008) . At the same time increasing fetal nutrient demands can bring about 90 important maternal body tissue remobilization with undesirable consequences on the cow´s postpartum 91 performance (Beever, 2006; Crowe, 2008) . 92 In underconditioned cows (BCS typically < 2), supplying large quantities of dietary energy as 93 carbohydrate (grain) during the DP to improve BCS can lead to risk problems such as fatty liver (Grum 94 et al., 1996). However, supplying energy in the form of fat reduces this risk, because the liver is not a 95 lipid depot during positive energy balance (NRC, 2001 ). In addition to this, feeds with a high 96 concentrations of fat constrain energy supply to the fetus due to low conceptus access to NEFA and 97 ketoacids (Bell, 1993) , and it has been speculated that feeding fat to dry cows could lead to increased FA 98 oxidation and reduced FA esterification in liver metabolism (Grum et al., 1996b The leading hypothesis in this study was that increasing the fat and protein supply to the dairy 106 cow during the late DP would improve body fat reserves and labile body protein, hence supporting milk 107 production and composition during the early phase of the subsequent lactation. The objective of this 108 study was to examine the effect of precalving dietary protein and rumen-inert fat supply on body 109 composition, and subsequent milk production and composition of under-conditioned dry dairy cows. 200
110

MATERIALS AND METHODS
111
General design and management
Where: µ is the grand mean; Cov, covariable; M, Maturity; Pr, Protein; F, Fat; and ε is the random error Although the study of health problems was beyond the scope of this work due to the limited 231 number of animals, a higher incidence of reproductive problems was detected in those cows receiving F 232 supplementation (P ≤ 0.05; Ll = 1, Hl = 1; Lh = 6; Hh = 3). Furthermore, an F × Pr interaction (P ≤ 0.05) 233 occurred for total health incidents (Ll = 2; Hl = 4; Lh = 8; Hh = 7). No differences were detected for the 234 incidence of calving problems, mastitis or milk fever.
235
Feed characteristics and intake
236
Feed characteristics were homogeneous throughout the experiment (Table 1 The lowest incidence of health problems was associated with cows offered ryegrass silage alone 305 in the DP (i.e. Ll). Although the number of animals was too small to draw definite conclusions, the higher herd (data not shown), which could affect the partitioning of nutrients between fetal and maternal tissues.
364
There can also be differences in the response to DP nutrition between first calving heifers and older cows fat-supplemented animals; this was associated with differences in DP diet CP contents and intake. receiving the high fat diets were increased by CGM supplementation, particularly for Mature cows.
419
Supplementation of the DP diet with protein also led to a significant increase in calf birth weight, and a 420 small increase in milk protein concentration over the first 20 wk of the subsequent lactation, however, 421 milk protein yield was only increased when the DP diet was also enriched with fat. Animal maturity was a significant factor in this experiment as Mature cows ate more in absolute 423 terms because they were bigger, and therefore had a larger labile body protein pool than younger cows. 424 Overall, differences in feed intake indicated that dry period management should consider younger second 425 calving cows as requiring diets with higher nutrient densities than older cows.
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